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High .chool .tud.nts In
calculu. and alg.bra cia••••
demonstrate their
und.rstandlng of math by
writing pap.rs .xplalnlng
mathematical concepts In
real-world Iituations, using
Mathematic. to .x.cut. the
.xampl•• th.y·ve cr.ated.

High School
Mathematics
Why us. computerl In high Ichool math.matlcs Instruction?

As a tool in mathematics classrooms, the computer helps students understand
abstract concepts by making them visual and manipulable. Students can own COR'lplex
ideas by manipulating algebraic fonnulae and constructing geometric figures. They can
study phenomena, not merely techniques. Students become active learners: they identify
"interesting" behavior, explore the conditions under which it occurs, analyze their
observations, and interpret their results. Students can do mathematics and be engaged in
creative problem solving.
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Students can manipulate the cbaraaerislics of
geometric shapes and asIt "What-if!"questions using
The Geometer's Sketchpadftom Key CU1Ticuium Press.

Technology-rich curricula
reduce the time students
routinely devote to practicing
skills and manipulating symbols
out ofcontext. With simulations
and modds in geometry (or. for
that matter, in aJgebra, trigonom­
etry, and calculus), students can
pursue questions ofwhy, when,
how, and "What-if?". As the
National Council ofTeachers of
Mathematics notes, "The new
technology has changed the \-ety
nature of the problems impor­
tant to mathematics and the
methods mathematiCians use to
investigate them."

What the research shows:
Students who use computers in math have more positive attitudes about themse!ves

as mathematicians and about math in general, and show significant gains in problem­
solving ability and content knowledge. 1

Computer software that encourages student exploration supports instruction thal
increases students' understanding ofmathematics prindples. Z

Students who work in small groups on geometry problems showed improvemenl on
higher-level problem solving and applying math applications; they also received sigrufi­
candy higher scores on standardized final exams. 3

Effectiveness Reports



High School Mathematics

Students using computers for algebra did significandy better on a test of knowledge
than did agroup taught by traditional methods. The computergroup also retained more
of the information and scored significantly higher on measures of transfer to other areas
ofmathematics. '

Citations for research results:
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proximal development: Academic motivation and learning outcomes in pre<alculus.journai of
Educational Computing Research, 21(3), 33-43. Also, see Chazan, D. (1988). Similarity: ~loring
the understanding ofageometric concept. EducadonaJ Tecbnology Center Technical Report,
Cambridge, MA.

3McCoy, 1..P. (1991). The effect ofgeometry tool software on high school geometry achievement
journal ofComputers inMatbematicsandScience Teacbtng, 10(3), 51·57.

4AI Ghamdi, Y.AS. (1987). The effectivenessofusing microcomputers in learning algebraic
precedence conventions. Doctoral Dissenation, Florida State University.
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Media Fusion
Preface

Site

Funding

Research Partners

Learning laue

Research Focus

1his investigation is one ofApple Classrooms ofTomorrow's experimental projects focused
on building new technologies and understanding their effects on learning and teaching.

Davidson Middle School, San Rafael, Calif Asecond school to be selected.

Apple Computer, Inc. and the Public Broadcasting Corp.

Rick Borovoy ACOT Media Fusion project manager; Gina Funaro, ACOT external project ..
manager; Chris Hancock ofTechnical Education Research Cemers; Molly Breeden and Mark
Richer of PBS, and school districts.

Television is pervasive and excels at telling timely, captivating stories, but it is limited by its lack
ofdepth and interactivity. Computers offer interaction, explorable environments and ways to
exchange information but they are less common and in many cases difficult to use. We will
study new ways oflearning that combine timely televised stories with explorable computer
models.

We believe television and computers are perfect complements. With PBS, we are examining
the learning potential of fusing the two technologies. We will use television news clips to
make currem, complex issues relevant to students. The news reports will be extended with
data and powerful analysis tools. The curriculum will have students analyze this data and
create their own perspectives on the news. We will provide ways for students to share their
perspectives with other students and will examine whether the opportunity to influence an
audience ofone's peers at other schools around the country will motivate students to think
critically and explore deeply. We will investigate how these factors can create an environment
where students perform selklirected, complex inquiry into important issues and discuss
their discoveries.
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Research Findings
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We :.ire developing protC)[\1:Je softvvare mechmisms for efficiently enccxiing, embedding, md
distributing active links between traditional communications media, such as text or \ideo, ~U1d

a large class of dynamic modeling emironments including simulation and \isualiJ.Jtion fOols,
These hnb will work ()\er a nemork, \\hat is transmitted bn't simply the author's final ~U1ahsis

but all the steps (1f the auth( 1r<s disC( l\'en, a]]( l\ving recipients to effortlessIv explore he. Jth.

Students will have aconstant and timeh' strEU11 ofenhanced versions of news stories from
the PBS :\Iac\eiJ;lehrer program, embedded with link'i to computer models, For example,
while astudent watches ane\\s clip about global warming and the destruction (If the Amaz( lt1

['lin forest. the computef\\Oukl automaticalh set up m emironmental simulation that retlecLs
the content of the televised discussion, Student'; could then explore the dynamics of the
"greenhouse effect:' make their own discoveries :md decisions, Based on their findings,
students will crEue their own \ideo \ledia Fusion stOlies, md broadcast them to other
students \ia a PBS satellite network.

Our research in schools will be begin in late 1992,

Here, JlacNeil/Lehrer'sJudr WCx){lruff introduces a nell'S story aboutglohal warming Then'
students e,\periment /eith tlJe relationship het/feen the greenhouse effect and atmospheric
temperature, using an elll'irolllllelltal simulation

C')p\n.~h( 1992 Apple C1lmputCr, lilt: .\ppll'. rhe\IT,il' "\!' \: '1.',icIJ1\K Jiltl \Lll'JllIO:-.h ;\:T rl'gl:-.t~reJ trJdl'ma:ks ()f
\pple l,llmputer.llll. HvperCJnl Jml C;.m~ Jft.: rl'gl~[nt·,: 1:.11'( :",11 !I. .. "I ILln:-. L1rp(lrJtloll. :\ppll' CL.1ssroolll:-. or TomoITo!,\,
Jnd .-\(UT Jrt.: ~l'r...ill: marks ()f Apple l>Jlllpult.:r. In,



Wireless Computing and Scientific Inquiry
Preface

Site

Funding

Research Partners

Leaming Issue

Research Focus

This investigation is one ofApple Classrooms ofTomorrow's experimental project'; focused
on building new technologies and understanding their effects on learning and teaching.

Sabino Canyon, Tucson, Arizona, with students and teachers from Orange Grove Middle
School, Tucson, Arizona

Apple Classrooms ofTomorrow and Orange Grove Middle School

Wayne Grant, ACOT "Wifeless Coyote" project manager; Rick Borovoy, ACOT engineer, and
Brian Reilly and Cathy Ringstatf PhD., independent researchers.

Wlfes, size, and power demands immobilize desktop computers preventing teachers from
re-arranging technologies to accommodate different learning needs, spatial organizations, and
learning contexts. Mobile, \'lirelessly connected computers could bring networked computer
processing to awider range of learning situations, thereby offering the flexibility teachers
need to design computer-supported, collaborative learning experiences in more authentic
learning contexts.

We developed tools to help students construct data4iven hypotheses that lead to on-the­
spot collaborative investigations outdoors. We investigated the social, technological and
task issues ofcollaborative computing when teachers and students used 'Wireless, mobile
computers on ascience field Hip, called "Wifeless Coyote."

Radio wal'es earned iii/lei
so students could recellt'
different perspectiu!.\ niH,,:
canyon.

om
.\t

,1.



Technology
Development

Curriculum
Constnlction

We created a 'wireless computer by fastening aspre'dd spectrum, radio frequency modem
ami batteries to a pen-based, notebook computer. We built acollaborative spreacbheet t(lr
sharing clata in reu-time across awireless network and agraphing tool to provide different
perspectives (m the data. (\\~llkie-t:llkies \\ere a1s(1used hy students for communicati( m.1

'loe mobile, wireless network enabled students to collect analyze, share, and compare
emin mmental clata in reU time in the c.um)D. This allowed teachers to hter discussions
(>f the analyzed (lata within and hetween groups and to develop \\ith students. (lata-dti\'tfl
hypotheses that \elll to on-the-spot collaborative investigations.

Learning Research Findings

Students saw hypotheses are not onlv
validated or inv,uidated bv an<t1vsis. but often
they arise dUring collaborative assessments
ofclata that depict the same aspects ofan
emironment from multiple perspectives.

The networked supponed acoUab<)rdtive
approach to science.

Some students an<t1yzed elata, and actively
transformed it to reveU patterns and
relationships. They understoexi the canvon,
and described it using terms and concepts
expert scientists use.

Umitations

The software supponed cbta sharing.
but the interface did not adequately address
the problem-solving needs of collab< lraring
groups. The data table was difficult to
navigate, and obscured views ofdata
received from other groups.

The tasks did not natur<t1ly demand
collaboration between and within groups,
requiring teachers to trigger most
collaborative interactions.

limited numbers ofcomputers reduced
the potential impact of the collaborative,
science experience.

•
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Apple Computer, Inc.
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The mere presence ofacollalxwative medium, or an e.xpectation ofcollaboration, will not
insure its appearance. All dimensions of the situation - physical, social, task, and technology ­
must be carefully designed to increase the frequency and effectiveness ofcollaborations. The
first study was in May, 1991. Asecond is underdevelopment.

Acollaboratil'e ~p,.e(/(Nll·ll

andgraphing tool 'fill 1'1(('

on-the-spot data (//w/r,;,

\C C()p~'righ[ 1992 .>\.pple Computer. loc-\pple. [he :\pplt: II 11.(11. \'.l:lld_lll~ .md \hC!n((),'ih Jft' registered [rJdem~b of
Apl.lle Cnmpurer. loc. Hvper(Jrd and C:.lf;,~ jft:' rq.;I..,[t'rt'd tr:ll!c!lurk." ,Ir ClJm Cl.lrporation, :'Pple Clas.'in))m::. nt Tomorrow
ll1d :\COT are SL'l"".:ire nlJrb clf Apple CIJmputf.'f IrK



Hands On Data
Preface

Site

Funding

Research Partners

Leaming Issue

Research Focus

ThL~ investigation is one ofApple Classrooms ofTomorrow's experimental projects focused
on building new technologies and understanding theLr effects on learning and teaching.

The Fletcher School, Cambridge, Massachusetts -grades 5-8.

The National Science Foundation and Apple Computer, Inc.

Chris Hancock, Technical Education Research Centers; Lynn Goldsmith, Education
Development Center; teachers Bill Caragianes, Edward E. Rice andJoan Lachance; Gina
Funaro, ACOT external project manager

Society relies on data and mathematics to understand and discuss vital issues. However,
students often lack the skills required to use data to solve real problems and rarely develop
an appreciation of mathematics as away of understanding the world.

We ';Y(lot to know how to use authentic inquiry to develop data modeling and mathematical
skills in young students.
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This model ofindustrialized nations can be instant~v restructured by choosing any constraint
shown. Affected icons move to new positions.
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Research Findings

Tabletop is aunique database environment for young students. Tabletop provides a row
and column view in which to define fielcb, and enter and edit data. Tabletop also features
an animated, iconic view ofdata. One icon appears in a \\indow (or "tabletop" view) for each
record in the database. B\'jooking at patterns these icons make, students can Ie'Jfn about a
whole data set. And. bv imposing constr~tints on these icons, student'i can reveal hidden
propenies of the clata set. For example. if astudent enters amathematical constraint. such :lS
"population> Sao.ClOO:· the icons become animated ~md move on the computer displav to
satisf\.· that constfJint. \\'ith Tabletop students can examine individual records and arfJ\ icons
:lS scatter plots' histogfJf11s. Venn diagrams, ~md other graphs to explore m( )re generJ1 trencb.

We LTe'dted seven interdisciplinary units that require students to collect structure, ~malvze
re'J1-w( )rld data. and present findings to their peers. Although the curriculum is driven lw
issue-{lriented projects. statistical concepts such :l'i me'JO, trend, correlation and san1pling
are at its hean.

We identified severdl obstacles to c1assr(X)m implementation. For example, J.lthough
classroom activities often related to agenerJ1 theme they were not sufficientlY cmrdinated
to move students towarcis aspecific goal. Consequently, students did not understand the
larger problem they were toing to solve and how e'dch activity helped solve it.

We identified linlitations in skills students had when they analyzed data to ans,ver
specific questions. Our observations and interviews revealed that students often focused
on individual cases and had difficult\·!o< lking bemnd the particulars ofasingle case to make
generalizations about the group as awhole. For example, almough students knew how to
compute the me'JO, they lacked the ability to use that information to interpret and reason.
Their inability to construct such representative values for groups, seriously limited their abilit\,
to model data. The rese'Mch work in progress is investigating students' understanding ofbasic
data structure concept'i - the challenges students face in learning to translate real world
situations into me record/field structure of most databases.

cathol ic (~) >= 50
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This is a mean population ofeach ofthe eight subgroups created by tbe Venn diagram.
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Computer Acquisition: ALongitudinal Study of the Influence of High Computer Access on Students' Thinking,
Learning, and Interactions by Roben]. Tierney Ph.D" Ronald D. Kieffer Ph.D., Kathleen Whalin PhD, Laurie Stowell
Ph.D" Laurie Desai, and Antonia Gale Moss, The Ohio State University 1992 #16

Trading Places: When Teachers Utilize Student Expertise in Technology-Intensive Classrooms by Cathy Ringstaff
Ph.D., David C. Dwver Ph.D., and]udith Haymore Sandholtz Ph.D. 1992 #15

The Negotiation of Group Authorship Among Second Graders Using Multimedia Composing Software
by Brian Reilly, University of California at Berkeley 1992 #14

The Relationship between Technological Innovation and Collegial Interaction byJudith Haymore Sandholtz PhD.,
Universirv of California at Riverside; Cathy Ringstaff Ph.D., and David C. Dv"yer Ph.D. 1992 # 13

Apple Classrooms ofTomorrow: Partnerships for Change byJane L. David Ph.D., Bay Area Research Group,
1992 #12

High School Mathematics - Development of'leacher Knowledge and Implementation ofa Problem-Based Mathe­
matics Curriculum Using Multi-Representational Software byJere Confrey Ph.D., Susan C. Piliero,Jan M. Rizzuti. and
Erick Smith ofCornell University 1990 #11

Classroom Management - Teaching in High-Tech Environments: Classroom Management Revisited First - Fourth
Year Findin~ by David C. Dvvyer Ph.D., Cathy RingstaffPh.D., andJudith Haymore Sandholtz Ph.D. 1990 # 10

Teacher Beliefs and Practices - Part 2: Patterns of Change - The Evolution of Teachers' Instructional Beliefs and
Practices in High-Access-to-Technology Classrooms first - Fourth Year Findin~ by David C. Dwyer Ph.D, Cuh\
RingstaffPh.D., andJudith Haymore Sandholtz Ph.D. 1990 #9

Teacher Beliefs and Practices - Part 1: Patterns of Change - The Evolution ofTeachers' Instructional Beliefs and
Practices in High-Access-to-Technology Classrooms First - Fourth Year Findin~ by David C. Dvvyer PhD. Cuh\
Ringstaff Ph.D., and Judith Haymore Sandholtz Ph.D. 1990 #8

Assessment - Apple Classrooms of Tomorrow Evaluation Study First and Second Year Findin~ by Eva L. Bakt:r
Ed.D.. Mary! Gearheart Ph.D., and Joan L. Herman EdD., UCLA Center for Technology Assessment 1990 #-

Long-Term Impact ofACOT - What Happens After ACOT: Outcomes for Program Graduates One Year Later h\
Steven M. Ross Ph.D., Lana]. Smith Ph.D., Garv R. Morrison Ph.D., andJacqueline O'Dell Ed.D. of Memphis SLUt:
Universirv 1990 #6

ACOT Classroom Networks: Today and Tomorrow - APerspective by ACOT staffand teachers 1989 #S

Software Development Through ACOT Teachers' Eyes - APerspective by ACOT staff and teachers 1989 # of

Student Thinking Processes - The Influence of Immediate Computer Access on Students' Thinking, First and
Second Year Findin~ by Roben]. Tierney PhD.. The Ohio State University 1989 #3

Writing - AResearch-Based Writing Program for Students with High Access to Computers by Elfrieda H Hlefx'l1
PhD., Universirv of Colorado, Edys S. Quellmalz Ph.D., independent researcher, and Phyllis Vogel, ACOT teacher
Cupertino, Calif. 1989 #2

Student Empowerment - The Influence of High Computer Access on Student Empowerment by Charles IX' I-j,her
Ph.D.. lniversityofColorado 1989 #1
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The Study

ACOT's evolution is rich
with information about the
potentialfor innovative
relationships between
business and education.

Businesses are looking
for ways to assist in the
transformation of
education.

ACOTfocuses on learning
and teaching-a rarity
in business-education
partnerships.

APPlE ClASSROOMS OF TOMORROW

Begun in 1985, Apple Classrooms ofTomorrow (ACOT)SM is aresearch and
development collaboration among public schools, universities, research agen­
cies and Apple Computer, Inc. ACOT explores, develops and demonstrates the
powerful usas of technologies in teaching and learning. In all ACOT endeavors,
instruction and assessment are as integral to learning as technology.

Supporting aconstructivist approach to learning, technology is used as
knowledge-building tools. As students collaborate, create media-rich composi­
tions and use simulationS and models, researchers investigate four aspects of
learning: tasks, interactions, situations and tools. The research is formative. The
finding; guide ACOT staffand teachers as they refine their approach to learning,
teaching and professional development. ACOT teachers and students often use
the most advanced technologies available, including experimental technologies,
to help us envision the future and improve the educational process.

ACOT views technology as anecessary and catalytic part of the effort
required to fundamental restrueture America's education system. We hope that
by sharing our results with parents, educators, policy makers, and technology
developers the lessons ofACOT will contribute to the advancement ofeduca­
tional reform.

-
This paper is based on visits to four ACOT sites in the spring of 1990 and interviews with

Apple ACOT staff~e first round ofa three-year study for Apple Computer, Inc. about the
role ofACOT in educational restructuring. The author draws on her earlier involvement in
studying ACOT in its first year ofoperation and on hercurrent work on restructuring for the
National Governors' Association and the National Center for Education and the Economy.

Since its inception in 1985, the Apple Classrooms ofTomorrow project has established
acommunity ofpartners with school distriets and researchers across the United States. The
evolution ofACOT provides a rich source ofinformation about the potential for innovative
and productive relationships between business and education. It is astory ofexperimenta­
tion, not simply with technology and learning, but also with the creation ofresearch laborato­
ries inside school systems, the role ofan external change agent, and the development ofa
mutuaIly satisfying collaboration.

The topic is partiPl!arly timely given heightened national concern about the capadty of
the public school system to produce qualified graduates, and acorresponding shift in how
the private sector views its relationship to public education. Education leaders and policy
makers nationwide are embradng the need to restructure the public education system in
order to improve student performance, and many businesses are looking for ways to assist
in this transformation.

Partnership for Cbange/1
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ACOTbegan as a technology­
saturation model with
straightforwardquid pro quo
relationships with school
districts. .

Expen'ence changed the
nature ofthe partnerships.

Responding to learning and
research needs, ACOTstaff
played a more directive role
with agoal oftransforming
teaching and learning

ACOTsupports longitudinal
and experimental studies.

Schools, university-based
researchers and ACOTare
an integral team.

APPLE ClASSROOMS OF TOMORROW

Through The Business Roundtable, 200 executives from the nation's largest corpora­
tions made a lo-year commitment to assist state governments in the process of restructuring.
But they noted an absence ofmooel partnerships:

There are no readi~v applied orgeneral modelsfor business in helping educators
restructure or renew education. The companies ofThe Business Roundtable and the
other companies that need to get invoh'ed in this crucial effort are on the cutting edge of
a nett' kind ofbusiness invoh'ement in our nation's schools. They will be exploringfor
the first time how business can help effectfundamental education change. (National
Alliance of Business 1990)

ACOT does not tackle all the issues around new forms ofbusiness involvement in
education; for example, it does not attempt to directly influence state policy or distria man­
agement practices. Instead, ACOT focuses on teaching and learning-a rarity in business-edu­
cation partnerships. Apple staffand their research partners work directly with teachers and
student~ on issues ofcurriculum, instruction, technology, staffdevelopment and assessment.

ACOT provides amooel of partnerships charaaerized by continuous learning and the
ability to change and adapt on both sides. ACOT's experiences offer valuable guidance to
businesses, district~, schools, and researchers alike as they form new alliances to promote
education change.

ACOT began as an experiment about the effects ofcomputers on education: What
happens to teaching and learning when every teacher and every student have two comput­
ers-one at school and one at home? Instead ofsetting up an artificial laboratory situation,
the ACOT staff.wanted to study computer saturation in real-world classrooms which repre­
sented arange ofsettings and student populations.

The ACOT partnerships began as straightforward quid pro quo relationships with sever­
al school districts. Apple provided equipment and technical support, and districts supplied
teachers and students Vvilling to experiment with technology, report on their experiences,
and be available for study by Apple and Apple's consultants.

As the ACOT participants gained more experience, the nature of the partnerships
changed. The tendency ofeducators to incorporate technology only into existing practices,
the absence ofcurriculum and software built around interactivity, and the difficulty of mea­
suring learning outcomes beyond factual knowledge all influenced ACOT's strategy. In
response, the ACOT staffchose to playa more directive role with the explicit goal of trans­
forming teaching and learning.

Today, ACOT supports two kinds of partnerships. The first - and the main focus of this
report - are the Longitudinal Research Centers (iRCs). ACOT established long-term relation­
ships with three schools, an elementary, middle and high school, in order to work with the
same teachers and students for asustained period oftime. Each ofthe three sites also works
closely 'with university-based researchers.

The second kind of partnership, the Experimental Learning Centers (ELCs), consist
of more than two dozen research projects, each with aclassroom teacher, developer and
researcher. These are short-term projects, typically three years maximum, designed to solve
particular issues that arise in the LRCs. For example, teachers in the ACOT LRC high school
found that physics students were having more trouble with the algebra associated with
physics than with the physics concepts. This spawned aresearch and development effort
with NASA and the University ofHouston, which were developing an "intelligent physics
tutor," to address the students need for better problem solving skills.

Apple Computer and the three LRC school districts each make substantial contributions
and commitments to the partnerships. Apple provi.des computer equipment and electronic

Partnership for Change/2
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Both schools districts and
Apple fund technology and
human resources with these
inuestmentsyielding
considerable benefits to
hoth partners.

Apple gets real-world
laboratories to develop and
test new knowledge about
teaching and learning.

School districts boast a cadre
ofteachers and students who
are national experts in
teaching and learning with
technology.

mail, training, on-site assistance, on-line availability for technical support, professional devel­
opment institutes, curriculum development, assistance \\-ith publications, and sponsorships
for conference attendance. In addition, Apple supports part or all ofacoordinator position
at each school, funds university-based researchers and facilitates links to software vendors.

In e.xchange, each district sets annual goals for curriculum development, instructional
strategies, technology use, and student learning. Teachers and coordinators participate in a
variety of research studies, and collect and report data on their activities, including weekly
electronic mail reports and monthly audio tapes. They participate in conferences and other
project activities, document exemplary lessons, re"iew software, and host "isitors and media
observers. Each district also contributes financially by supporting part ofaschool or district
coordinator, reducing the teaching load of participants, and allowing extra time for planning,
conferences, meetings, and summer activities. Districts also contribute supplies (such as
computer disks) and facility upgrades (telephone lines, wiring).

These investments yield considerable benefits to both partners, Apple gets real-world
laboratories in which to develop, test, and generate new knowledge about teaching and
learning in acontext clearly separated from company profits. The school districts boast a
cadre of teachers and students, who are becoming national experts in teaching and learning
\\-ith technology. Beyond providing avaluable technical resource to their schools and dis­
tricts, the Apple classrooms also bring positive publicity, Each site has appeared on national
television and in published articles, and receives visitors from all over the world. Teachers and
administrators are learning not only about technology in instruction, but also what it takes to
transform teaching and learning in away that is consistent Mth the nation's education goals
for the 21st century.

The partners also benefit from the rich experience ofa joint venture that has astrong
commitment to strengthening education. The teachers and administrators have committed
their professional lives to ACOT, typically spending 60 to 80 hours aweek on their jobs, and
maintaining adelicate balance ofexhaustion and exhilaration. Apple staff members consider
ACOT teachers their professional colleagues, and share adeep commitment to their well­
being and professional growth,

Teachers and administrators
are learning what it takes
to transform teaching and
learning in a way that is
consistent with the nation's
education goals for the
21st century.

Teachers and
students roles change
dramatical~v in ACOT
classrooms.
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The Education Context
When ACOT was first launched in the fall of 1985 the role of technology in education

refonn was seen much differently than now. During this period, perceptions about the
appropriate role of technology in schools shifted from a preoccupation with "computer
literacy" and programming languages to the use of multiple technologies as powerful tools
for learning. At the same time, contributions from cognitive science and applied research on
teaching and learning greatly expanded our understanding ofhow people learn. The impor­
tant notion that people learn by constructing knowledge actively, through engagement in
hands-on, challenging activities, and connecting new knowledge to previous experience ­
rather than by listening passively- gained considerable prominence.

Pressure to improve the public schools also shifted the debate from the top-down,
add-on approaches ofthe past to the broader concept oforganizational change throughout
all levels of the education ~)'Stem. Signaled by the word "restructuring," this approach to edu­
cation change is driven by the goal of increasing the performance ofall students by creating
stimulating learning environments. Restructuring requires changes in roles and responsibili­
ties from the classroom, to state government and even to the federalleve!. But the barriers to
change are many.

Inside schools, teachers and administrators need to learn new ways ofdoing their jobs.
Teaching for understanding and thinking is much more difficult than teaching isolated facts,
and few teachers were trained to teach this way. School structures-schedules, calendars,
tracking, course creclits-pose further constraints. Designed to promote content coverage
rather than understanding, much of the way schools are organized stands in the way of pro­
viding challenging learning tasks for students.

Shifts must also occur at the distria leve!. The way most districts organize staffdevelop­
ment does not create the kind of learning opportunities teachers need. Distria staffare
trained to generate and enforce rules, not to foster school improvement and provide or bro­
ker the assistance schools need. Studies ofwhat it takes for schools to change significantly
suggest four critical elements: an invitation to change, the authority and flexibility to do
things differently, access to knowledge, and time. Few districts are currently able to provide
these conditions, especially in the absence ofsupporting state polioes.

This is the arena within which ACOT has taken on the transformation ofteaching and
learning. Committed to the belief that technologies are powerful tools for learning that can
empower students and enhance their understanding, ACOT and its partners embarked on
an untraveled path. For both, the learning curve has been and continues to be steep.

]

When ACOT was first established, Apple held assumptions about access to technology
and about grass roots change which refleaed its own internal philosophy ofthe early 1980s.
These assumptions were quickly put to the test and revised accordingly.

Access to Technology: ANew Definition
When ACOT began in 1985 at three sites, Apple's conception ofaccess to technology

was acomputer on every student's desk at school, and one at home to make the technology
as readily available as other basic tools for learning, from pendls to books. But the realities
of the classroom and the continual evolution of the technology have led ACOT staff to con­
clude that students and teachers need different kinds of technology for different purposes.
Many instructional situations do not require any electronic technology. Moreover, students
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need physical space for using other materials. ACOT staffalso found that 30 computers in a
room can force teachers back into predominantly whole class instruction; fewer computers
are more likely to force different organizational arrangements.

The optimal configuration of technology will vary by classroom and over time as tech­
nology changes. For the future, ACOT envisions acombination ofdifferent technologies:
inexpensive notebook computers that students carry with them, and asmall number of
multimedia stations capable ofdesktop publishing, simulations, presentations, and other
uses that demand more powerful and versatile equipment.

ACOT staffalso recognized aneed for educators to better understand the capabilities
and appropriate uses ofavariety ofcomputers. Although newer, easier to use and more pow­
erful machines may always be preferable, schools will never be able to afford alarge number
of the very latest models. Older computers may not be appropriate for all purposes, but mav
well be suited to afew general' tasks, such as word processing, the most common use by stu­
dents and teachers.

Changing Classroom Practices
At the beginning of the project, ACOT staff also assumed that the presence ofan in­

tensive technology envlronment would spur dramatic changes in classroom practices. They
discovered, however, that their images of the role of technology in instruction were not
necessarily shared by the teachers. Certain changes were inevitable due to the new physical
arrangement ofacomputer for each student in the classroom, but new approaches to
instruction did not necessarily follow. In fact, teachers naturally tended to incorporate tech­
nology into their e..xisting practices and styles. Consequently, the ACOT staff balanced their
emphasis on the uses ofhardware and software with an aggressive effon to introduce new
ways of teaching and organizing instruction.

The image ofclassrooms as stimulating learning environments-in which students
are actively engaged in solving challenging problems both as individuals and as team mem­
bers-is a far cry from traditional classrooms. Among many barriers to change, teachers are
not trained to organize instruction in ways that actively engage students; class periods are too
shon for in-depth problem solving; materials are geared to superficial coverage ofvast
amounts of information instead of understanding; and few teachers and students are accus­
tomed to working in teams.

Transforming classrooms into stimulating learning environments requires afundamen­
tal change in the culture of the school. The teacher's role changes from delivering informa­
tion to facilitating student learning - more coach and manager than lecturer and sole source
ofinformation. Teacher collaboration replaces teacher isolation, and students also begin to
work more collaboratively. As noted above, such transformation requires an invitation to
change, the authority and flexibility to do things differently, access to knowledge, and time.
ultimately, for change to occur beyond individual classrooms, these conditions must e..xist
systemwide.

For asingle classroom, however, ACOT does provides an.invitation to change. Because
ACOT L'i an exceptional and experimental envlronment, teachers tend to have considerable
discretion over their curriculum and instruction, (within district and state requirements),
and more time for planning. ACOT's major role, however, is in providing access to new
knowledge. Through experience in the classroom with ACOT teachers, Apple staffsaw the
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need to expand their role as directors, providers and brokers ofabroad range of learning
opportunities.

The teacher as learner is key to creating a new culture in the classroom. However, tradi­
tional forms ofstaffdevelopment for teachers do not help. Teachers, like students, learn
when they have on-the-spot access to help, models to learn from, other teachers to observe
and be observed by, colleagues to share and discuss ideas with, as well as more opportunities
to learn outside the classroom.

ACOT has provided opportunities for teacher learning that rarely exist in school systems.
Apple staffvisit each cla.woom several times ayear, spending several days on site working
directlv in the classroom \\tith teachers. Teachers learn from on-site expert help, and Apple
staff learn what is and is not possible in aclassroom setting. University researchers working in
the classroom provide new knowledge to teachers, and in turn, have an ideal setting in which
to pursue questions about teaching and learning with technology.

All the sites are on AppleUnk, an electronic mail system, enabling direct communication
\\ith Apple staff and other ACOT schools on adaily basis. Apple brings in all the site staff each
summer for aone week intensive institute staffed by experts in such areas as student portfo­
lio assessment, thinking creatively, and project-based instruction. ACOT teachers are encour­
aged and supported by Apple staff to share their experiences in presentations at education
conferences, providing an opportunity for professional interaction not often available to
teachers.

ACOT teachers describe their experiences as challenging, difficult, frustrating, and
incredibly rewarding. Teachers who have remained \\tith ACOT for several years comment
that the experience "challenged me in ways I've never been before" and the "thrill of teaching
came back."

Observations ofACOT classrooms demonstrate that major change has occurred in sites
with several years' experience. The rooms look quite different, partly because they are filled
with technology, but also because teachers and students are playing different roles. There is
considerable interaction as teachers and students together a..'ik and answer each others' ques­
tions. According to interviews with teachers, the way they plan, organize, and deliver instruc­
tion has changed significantly. (See Figure 1.)

Changes in Teaching in ACOT C..........
• More project oriented war!< • More motivation for writing process
• More extensive projects • No more 'Ieoch askill, test askill'

• More group Vt'Clr!< and cooperative learning • More learning centers

• More individualized attention • Far less corrading~
• More interdisciplinary a;tivilies • Joint planning with colleagues

• Giving students choices • More VMf5lo get informalion-unlimited with modem
• Great reduction in of lecturing • IntrcW:lion of student portfolios
• Elimination of worksheets • Less stnx:lured cllm'oorn-studenIs more indeperKlenl
• Different philosophy of teoching • Faster lesson prep;ralion and revision on c:orJ1;llB

• More efficient drill and practice

Figure 1: Teachers reported changes in their practice.
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Classrooms and the School Culture
The classroom was ACOTs original focus. This choice stemmed in part from their belief

in bottom-up, grass roots change, and in part from their definition ofaccess to technology.
The substantial cost of providing every student and teacher with two computers precluded
serious consideration ofequipping an entire school. The role ofdistrict and school adminis­
trators was primarily limited to contractual and budgetary ~ues.

Aclear benefit of the choice to focus on one or two classrooms is the ability to concen­
trate resources - hardware, software, as well a.'i training and assistance - on asmall number
of teachers and students. Such aconcentration of resources seemed essential to le'dfn what L'i
possible under conditions that may well be prevalent in years to come.

It also meant trade·otfs. Creating a"special" classroom inside aschool has the effect of
separating it from the rest of the school. When the special classroom has considerably more
resources than other c1ass[(X)ms and no clear benefits to other faculty, the perceived gulf is
even greater This is especially the case in schools that have not had much experience >\ith
rese'dfch and development activities. A'i aresult, other faculty envy ACOT teachers who have
extra preparation time, more space, and considerable technology at their disposal. These
differences are exacerbated by the restriction'> ofsome software vendors which prevent the
sharing ofsoftware.

According differential status to some teachers and students is more likely to succeed
when all have had an equal chance to participate. ACOT sought teacher volunteers and
required a fair, nondiscriminatory selection process for students. Nevertheless, not all inter­
ested teachers were able to participate, and student selection was somewhat biased towarcb
those whose parents took action in volunteering their children. Problems also arise when an
innovation is introduced in ways that do not match existing organizational arrangements in
the school, for example, an ACOT classroom restricted to one grade level in aschool orga­
nized by ungraded teams. The school's principal can make abig difference in how ACOT is
perceived by the faculty. ifhe or she has had an opportunity to buy into and support the
enterprise.

Apple ACOTstaff initially believed that the activities in ACOT classrooms would spread
to other classrooms over aperiod ofseveral years. Experience suggests that this model of
change is not likely, at least under existing school organization. COn'iequently, ACOT's
newest LRC site represents adifferent model ofchange. Instead ofone classroom at a time..
ACOT staffare experimenting with awhole-school approach. The goal is to work >\ith teams
of teachers, moving the technology and professional development activities to a new team
every few weeks. By the end of the first year, the whole faculty will have been exposed to
technology and training and prepared for more e.xtensive use the follOWing year.
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Research and Development in School Systems
Research and development is afamiliar concept to the private sector. Consequently,

Apple staff presumed research and development projects would also be familiar ro schools
and districts. Because it is not, both school and district staff can easily misjudge the value of
an experimental situation. Eclucarors look at ACOT and dismiss it as unrealistic because of
the concentrated resources. They conclude that because it is not replicable as is, it has mini­
mal relevance for the school or district. Those who look to ACOT for results tend to want
firm answers quickly, which is not always possible given the long term nature of the experi­
ment, and the complexity of the questions.

The long range goal ofACOT's research and development agenda is to recommend
directions for hardware and software development that will maximize active learning. ACOT
is particularly interested in three research strands. The first is the creation oftools that pro­
vide media-rich composition enw-onments, enabling students to express themselves via text,
graphics, sound, animation, video. The second is analogous to workgroup software in busi­
ness-software that enhances collaborative work among teachers, students, and across dis­
tances. The third is simulation software, some ofwhich utilizes artificial intelligence to moni­
tor and guide students as they explore and build, and prevents the common problem of
students' drawing erroneous inferences without feedback to alert them.

The notion that there might be useful knowledge being generated that has implications
for district decisions on curriculum, instruction, grouping, technology, assessment, and staff
development is rarely appreciated by educators for two reasons. One is that the relevant
lessons are not the kinds of immediate "answers" educators tend to seek. The other is that
ACOT does not focus on the implications of these intermediate lessons for district politY'.
Policy makers pay attention to information when it is relevant to aparticular decision under
consideration and is in terms they can readily understand. Influencing education policy
requires an awareness of the kinds ofdecisions district leaders make and an ability to extract
and communicate the lessons that are relevant in appropriate ways.

Communication is critical in the process ofchange. Communication to local policy mak­
ers can range from presentations to the school board to research summaries designed for
district and school administrators. Keeping the multiple audiences involved in education
aware offindings-both problems and successes-is essential for maintaining support for
continued experimentation and change. Ultimately, educational change requires broad­
based support. Direct partidpants in ACOT are astrong base ofsupport, but they are only
asmall percent.

The research and development component ofACOT also raises interesting questions
about the appropriate role ofresearchers in classrooms-an issue which is becoming impor­
tant as the appeal of professional development or practice schools grows. These are envi­
sioned as whole schools created with many of the same goals as ACOT: creating dramatically
different learning environments for students, conducting research on the process ofchange
and on teaching and learning, and providing astimulating environment for training new
teachers.

The needs ofresearchers and the needs ofstudents and teachers do not always overlap.
Tensions can arise within aclassroom if the research is particularly intrusive. Problems can
also arise across classrooms if the research agenda requires partidpation ofsome students
and teachers and not others, or ifproduct testing or other research agendas take time away
from required activities and curricula. ACOT teachers and students are not immune to the
myriad of local, state, and federal requirements that dictate much ofwhat goes on in class­
rooms from textbooks to tests. Clear communication among the parties involved lessens
these potential conflicts considerably. ACOT teachers want to cooperate with research agen­
das but are not in a position to resolve conflicting directives from multiple parties.
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Finally, ACOT as ahigh-technology e.xperiment attracts many visitors - educators,
rest'dfchers. and the nev.'S media, among others. As v.ith any cutting edge experiment, there
is adifficult trade-offbetween sharing knowledge v.ith the public and protecting the time
and energy ofthe participants. For ACOT teachers and students, the combination of multiple
rest'dfch projects and visitors leads to high volume traffic. On the other hand, most acknowl­
edge that participation in research is avaluable learning opportunity; and hosting visitors
cre-Jtes asense of pride and confidence that is invaluable,

Tensions between Business and Education
ACOT partners have encountered some tensions that are inevitable when business and

education work together In addition to dramatically different cultures, school distrim and
corporations operate on different calendars, with different fiscal years and acco,unting proce­
dures. These differences have implications for funding cycles, arrival ofequipment, assign­
ment of staff, and avariety ofother decisions critical to the smooth functioning ofACOT.

For e.xample, Apple's proposal development timeline requires proposals from districts
as the school year ends. Consequently, when Apple needs final sign-offs from distriCts, the
school board is not in session. On the district side, the fact that it is impossible to predict
enrollment precisely before school starts is difficult for business to comprehend. Corporate
decision makers are accustomed to amuch more predictable and controllable environment.

.!\nother major operational difference lies in annual review cycles. Businesses typically
review commitments annually, which has the potential disadvantage of frequent change but
the advantage of providing an opportunity each year to "sell" aproject internally and therebv
strengthen the commitment ofexecutives to the project. In school distrim, once aproject
has been accepted and funded, it is likely to be on automatic pilot; only ifa problem arises
\\ill the original decision be reconsidered. Moreover, the project becomes an entity unto
itselfand is unlikely to be taken into consideration in other policy decisions that might influ­
ence it. Such fragmented decision-making typifies school distrim, where multiple funding
sources, each with their own multitude ofrules and reguIations and associated bureaucracy,
do not facilitate strategic planning and coordinated decision making.

Tecbnology's role bas
sbiftedfrom "computer
literacy" to powerful
learning tools.

Pemaps the biggest challenge for business involvement in education concerns trust­
creating abalance between the interests of both parties. Educators are often distrustful of
business involvement because they assume their real agenda is selling aproduct. Ifbusiness
is perceived as caring more about its product than about the teachers and students, it cannot
become an effective partnership. When schools get something in return, this is perceived as
reasonable-each side must get something out of the partnership. But when the purpose of
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business involvement is to change the status quo, both sides must buy into the same goal.
There must be agenuine give and take v,ruch can only occur when trust has been estab­
lished over a period of time.

During ACOT's history, perceptions on both sides changed significantly. An important
turning point was ashift from perceived exploitation of the classrooms for Apple marketing
purposes, to aclear signal from Apple that ACOT's purpose was long-term research and
development aimed at producing new knowledge about technology and education. Sites
no longer relied on local Apple sales representatives as their main source ofassistance; nor
were they asked to participate in surveys or other studies designed to provide fodder for
sales and marketing units in Apple..A..s a result, participants shifted from viewing ACOT as
simply an opportunity for free equipment to developing asense of responsibility for sharing
in the research and development enterprise.

From the business side, Apple staffencountered the realities of public schools: like
teachers they have little control over staffing, curriculum, schedules, and testing. They also
face frequent turnover of key players. Those who negotiated and approved the original
agreement, often including the school board, superintendent, central office, and school
staff- as well as teachers - have ahigh turnover rate. Urban superintendents have an aver­
age tenure of three years. School board members, who approve all contracts, are up for re­
election frequently. These circumstances make long-term commitments difficult and help
explain the faa that long-term projeas often persist by default than regularly reaffirmed com­
mitment.

The kinds ofpartnerships represented by the ACOT sites are different from typical
education-business partnerships. Not only are they designed to significantly change how
schools operate, but they aim to do so by working directly with teachers in the classroom.
Even partnerships designed to improve schools, like the Boston Compaa, do so through
external incentives such as commitments for job placement or assistance at schools through
tutoring and mentoring. These approaches carry some benefits, but cannot alone change
what happens inside classrooms. In contrast, ACOT provides intensive training and support
to teachers, albeit small in number, to actually change the way they do their jobs.

This kind ofendeavor requires amuch deeper understanding on both sides ofthe oth­
ers' modus operandi, intentions, and abilities. Ifthe relationships are not built on trust and
long-term commitment, they cannot succeed. For Apple, establishing ACOT as a research
and development project was acritical step in creating trust and credibility. That trust was
reinforced by the instructional expertise and sensitivity ofthe Apple staffwho work with the
sites.

ACOT staffwalk adelicate line: pressing for fundamental changes in teaching and learn­
ing, but not dictating to teachers. The sentiment ofACOT teachers across the sites refleas
this challenge: "Business involvement is OK as long as they don't tell us what to do." Apple's
ACOT staffsuccessfully moved into a more directive role without going too far

Companies less directly involved in educational products might have more difficulty
creating an in-house staffwith educational expertise. However, they could follow the model
ofACOT's brokering role in research and development activities by supporting acadre of
consultants knowledgeable about teaching, learning, and organizational change. On the
other hand, this kind ofintensive collaboration is, by its nature, limited to asmall number of .
participants, and Apple's ACOT staff constantly question whether they can have an impaa
beyond their size.
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Beyond appropriate staffand sensitivity ro the differences in culture, both corporations
and school disnicrs share responsibility for making apartnership for change successful. The
;\(OT experience suggests some important conditions that can only be created \Vith cooper­
ation from both parties:

• Partnerships must be based on shared goals and commitment from all levels of the
school sv'Stem-distril1Ieaders, school leaders, and A(OT participants. The commit­
ment m~st be reaffirmed frequently. especially as leaders leave and are replaced.

•
• The business partner must demonstrate that self-interest does not override the gcyJ.1s

of the partnership.

• The district partner must provide the conditions needed to nurture an Experimental
setting, and the openness to apply the lessons learned.

• Partnerships created to affect teaching and learning require extra time for teachers
and intensive professional development-whether or not technology is involved.

• Innovations must mesh \Vith Existing organizational structures. Unless there are
compelling reasons othem1se, any intervention should treat the whole school as the
unit for change.

• Flexibility is key-for tedchers to work together, to change schedules, to Experiment.
and for all sides of the partnership to learn and adapt continuously.

• Clear lines ofcommunication are critical. Business partners must understand that
relationships and communication among levels in school systems are very
different that in business, and must ensure that teachers do not receive contradictory
messages.

Research and development-on teaching and learning, on what it takes to change
teaching practices, on uses of hardware and software, on new forms ofassessment-is
becoming more important to school sy'Stems as efforts to restructure bredk new ground.
Beyond the occasional pilot project designed to test aparticular methcxj or approach, very
little research and development occurs inside school s)'Stems, largely because there is no
financial support, little flexibility to experiment, and no mechanism to learn from experi­
ments. A(OT demonstrates that corporations, in concert \Vith educators, can make signifi­
cant contributions in this arena.

To ensure that asmall Experimental effort has implications beyond the classroom walls,
all parties must understand who needs what kind of information in what form. Without
extraordinary effort on the part of local educators and policy makers, business partners, and
researchers to observe, translate, and communicate important lessons in on-going fashion,
the concept of research and development will not take hold in school systems.
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The Study

Constant access to
technology influences the
frequency, form and
substance ofteachers'
collegial interaction.

This study examines how
teachers already enjoying
collegial interaction are able
to implement new technology
and instructional strategies
more quickly.

The adoption ofinnovation
and the creation ofa
collaborative environment
are complementary
conditionsfor change.

Begun in 1985, Apple Classrooms ofTomorrow (ACOT)SM is aresearch and
development collaboration among public schools, universities, research agen­
des and Apple Computer, Inc. ACOT explores, develops and demonstrates the
powerful uses of technologies in teaching and learning. In all ACOT endeavors,
instruction and assessment are as integral to learning as technology.

Supporting aconstructivist approach to learning, technology is used as
knowledge-building tools. As students collaborate, create media-rich composi­
tions and use simulationS'and models, researchers investigate four aspects of
learning: tasks, interactions, situations and tools. The research is formative. The
findings guide ACOT staffand teachers as they refine their approach to learning,
teaching and professional development. ACOT teachers and students often use
the most advanced technologies available, including experimental technologies,
to help us envision the future and improve the educational process.

ACOT views technology as anecessary and catalytic part of the etfon
required to fundamental restructure America's education system. We hope that
by sharing OUf results with parents, educators, policy rriakers, and technology
developers the lessons ofACOT will contribute to the advancement ofeduca­
tional reform.

This report examines the process by which an immed.iate-access-to-technology environ­
ment influences [he frequency, fonn and suh5tanCe ofcollegial interaction among classroom
teachers. The studycovered a five year period, utilizing data from 32 elemenraryand sec­
ondary teachers in five schools located in four different states. ().rer time, teachers' interne­
tions moved from informal, infrequent exchanges to structured technical assistance to for­
malized team teaching. However, the process ofbuilding collaboration was lengthy, involved
overcoming numerous obstades, and varied for elemenrary and secondary teachers.

Technology clearly has the potential to vastly transform relationships between teachers
and students and even what schools look like. However, the historyofeducation reform
provides scant evidence that such a transformation will occursimply because the tedr
noiogy exists. Schools have demonstrated an unyielding resistance to change over the
decades. Reforms that are adopted tend to be those that readilyfit existingorganization­
al structures andpractices. (David, 1990, p. 76)

The effective use oftechnology in elemenraryand secondary school classrooms is often
aslow process marked by avariety ofobstacles, andone ofthe key chitaeles is acondition
common in many schools: teacher isolation.

This report examines how technology-rich environments, like the Apple Classrooms of
Tomorrow, influence and encourage collegial interaction among teachers, and how teachers
who already enjoyahigh level ofinteraction are able to implement new technology and
instructional strategies more quickly. The adoption of innovation and the creation ofacollab-
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Previous research indicates
teacher interaction in
effective schools tends to be
frequent, task focused and
widespread.

For teaming to work,
teachers need long-term
assistance.

Teacher change evolves over
time only after technology
proves to help them in their
teaching.

Thirty-two ACOTelementary
and secondary teachers were
studiedfor five years.
Computers were used as tools
and didn't replace other
maten'als or
technologies.

•\PPLE CL-\SSROOMS OF TOMORROW

change occurs most qUickly in em-ironments where these two conditions are operating
simultaneously.

The nationv.ide movement toward restructuring schools acknowledges that innovations
introduced at only one level ofasystem are not likely to succeed, and that lasting change will
not occur simply by giving teachers the latest technological tools. Teachers must be provided
'With on-going support which is available only if the larger system in which they are working
changes as well. The reduction of teacher isolation is an important part of that change.
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Researchers have identified regular opporrunities for interaction with colleagues as an
important feature ofasuccessful work environment (Purkey & Smith, 1983). Teacher inter·
action in effective schools tends to be frequent, task focused, and 'Widespread (Utde 1982;
Rutter, Maughanm Mortimore & Quston, 1979). However, in many schools, opporrunities for
interaction are limited and communication tends to be informal and infrequent, even though
teachers believe their teaching could be improved by working with colleagues (Corcoran,
1988).

Attempts to increase teacher interaction typically involve creating formalized team teach­
ing arrangements, sometimes across grade levels and disdplines. These changes in school
structures increase the inddence ofcollaborative teaching and the overall amount of task­
related communication (Charters, 1980). However, teachers are reluctant to sustain team alle­
giance over time (Charters, 1980) and need long-term assistance in order to make teaming
work effectively and effidently (Rutherford, 1981).

Innovation can be extremely difficult to institutionalize because homeostatic forces in
schools are more powerful than innovative forces (Joyce, 1982). Teachers may also resist
change because the innovation comes from policy makers or non-teaching experts (Butt,
1984; Common, 1983). Serious commitment to innovation occurs only after teachers see that
it really does assist them in teaching their students (Gersten & Guskey, 1985). However, this
type ofchange does not occur quickly, but evolves overa periOd oftime (Dwyer, Ringstaff&
Sandholtz, 19lXl; Gersten & Guskey, 1985). In addition to identifying time as acritical
resource, researchers point to the importance ofasupportive organizational environment
and collegial sharing in moving teachers toward the adoption of innovations (Educational
Technology Center, 1985;]oyce, 1982; Henson, 1987).

This paper links these two areas of research by examining the relationship between col­
legial interaction and technological innovation. Outing the five years this ofstudy, the symbi­
otic relationship between innovation and teacher coUaboration became increasingly appar­
ent.•\5 innovation was introduced and adopted, teachers interactions moved from informal
infrequent exchanges to structured technical assistance and finally to team teaching.

InnovatiOn &Interaction/2
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